Background and Purpose: The differentiation between the Alzheimer and multi-infarct types of dementia may still be equivocal considering clinical criteria, neuropsychological tests, and imaging techniques. Cerebral microangiopathic alterations underlying multi-infarct dementia should allow the characterization of dementia subgroups.
D ifferent types of dementia, especially dementia of the Alzheimer type (DAT) and multiinfarct dementia (MID), are difficult to differentiate on the basis of clinical criteria,1,2 as proven by neuropathological examinations. [3] [4] [5] [6] MID is supposed to be the consequence of repeated clinically apparent or silent cerebrovascular infarctions leading to a substantial loss of brain tissue.7 Infarctions may be due to atherosclerotic microangiopathic lesions8 or subintimal thickening of small vessel walls, both found in arterial hypertension910 and generally involving perforating arteries.1" However, embolic or hemodynamic cortical infarcts may be included as well.
Transcranial Doppler (TCD) sonography allows a direct noninvasive assessment of blood flow velocities in the basal cerebral arteries but not in the distal part of the intracerebral circulation, i.e., in the microcircula-tory bed. According to Hagen-Poiseuille's law, a substantially reduced vascular cross section as found in subcortical microangiopathy should lead to hemodynamic changes not only in the microcirculation but also in the proximal part of intracranial supplying vessels, e.g., the middle cerebral artery. This increase in peripheral flow resistance should lead to a significant change in pulse curve characteristics, mainly by a decrease in end-diastolic flow velocity.
The aim of the study was to develop and to validate a hemodynamic parameter as an additional criterion for the vascular etiology in dementia. As a hypothesis, patients with MID should be discriminated significantly by hemodynamic parameters from a normal reference collective as well as from other nonvascular degenerative dementia types, such as DAT. Mental   72  76  59  68  61  77  81  69  54  80  74  64  60  77  58  77  69   72  47  60  58  49  66  77  75  75  74  54  60  66  68  65  57  59  63  71  75  71  79  76 23  24  18  23  24  6  13  21  20  8  24  22  26  22  23  26  21   8  19  18  23  15  21  16   23  19  22  24  22  11  24  17  23  22  8  24  10  18  24  23   12   7   8  10  8   7   9  14  8  9  8  7  10  9  13  7  10   0   2  2   1   2   2   3  2  3  2  3 TCD ultrasound investigations were performed prospectively and without knowledge of the actual dementia classification of the patient. All patients underwent extracranial Doppler sonography to exclude an extracranial stenosis or occlusion; patients with an intracranial stenosis of the basal cerebral arteries were also excluded. Intracranial blood flow velocities of all the basal intracranial vessels of the carotid and the vertebrobasilar circulation were assessed by TCD examination with a 2-MHz pulsed ultrasound device (model TC 2-64, EME Eden Medizin Elektronik, Uberlingen, FRG). The study was based on pulse curves of the middle cerebral artery in 105 investigated subjects. Because of an insufficient signal-to-noise ratio, the transtemporal insonation of the middle cerebral artery was restricted to only one side in six patients. Thus, a total of 204 vessels were accessible to an adequate TCD evaluation.
With regard to different skull diameters and individual variations in the vessel course, evaluation of the pulse curves of both middle cerebral arteries was -- LGT, Lern-und Gedachtnistest. based on the individually optimal curves displaying highest absolute flow velocities as registered in the proximal Ml segment of the middle cerebral artery. Analysis of absolute blood flow velocities (Table 4) showed no significant side-to-side differences comparing corresponding absolute flow velocities in all the groups. There was no significant difference in peak systolic blood flow velocities between the normal reference group and MID or DAT subgroups, with an average tendency toward lower systolic values in the DAT and MID patients. Similarly, there was no significant difference in comparing mean and end-diastolic flow velocities of the reference and DAT groups. However, mean and diastolic blood flow velocities significantly (p<0.001) differentiated the MID group from both the normal reference group and the DAT group.
The differentiation by pulsatility criteria as expressed in the EPR is highly significant (p<0.001) for the MID group compared with the reference group and the DAT patients (see Table 5 ). There is no significant distinction between the reference and the DAT groups, even considering a tendency of the EPR toward lower values in the DAT collective. A subanalysis in the few cases of single lacunar infarcts or white matter lesions in the Alzheimer group (see Table 3 ) did not reveal significant pulsatility differences compared with the whole group. The only diagnostic controversy was due to classification by DSM-III-R criteria: patient 31 had a diagnosis of DAT but a Hachinski ischemic score of 8 points, which is more consistent with the diagnosis of MID. In the presence of a normal EPR (+6 cm/sec), the neuropathologic examination performed later on in this patient confirmed the original diagnosis, i.e., DAT.
The relative distribution of EPR values classified by steps of 10 cm/sec for the different groups is shown for the left (Figure 2 , left panel) and the right (Figure 2 , right panel) middle cerebral artery. In these figures, in-between values are always represented at the lower class limit, thus making the lower normal limit more reliable. The corresponding graphic representation of the Gosling pulsatility index shows that the highest values, corresponding to a high pulsatility by definition of the index, are found in the MID group but that there is no significant statistical differentiation between the two dementia types, both overlapping the widespread normal range (Figure 3) .
Further analysis of EPR values as shown in Table 4 for the different groups gives a significant differentiation for the MID group at >0 cm/sec by the X2 test as well as Fisher's exact test (p<0.0001).
ROC curves were used to detect respective sensitivity and specificity levels of the EPR for different values, (Figure 4) . Overall, considering slight sidedependent differences probably due to the small patient groups, a high sensitivity (i.e., "hits" in the ROC curve) at the 90-95% level is reached by taking a cutoff point at -5 cm/sec and higher for the diagnosis of DAT but accepting a mediocre specificity. Specificity (i.e., the opposite of the "false alarm" rate in the ROC curve) reaches an acceptable 82-88% level by taking a cutoff point of -2 cm/sec. Statistically, the value of -2 cm/sec represents the optimal cutoff point with both a high sensitivity and specificity. Expecting univariate analysis to reach a significant level with p<0.05, the EPR had a negative correlation to the Hachinski ischemic score (p<0.0001 for both sides), to white matter lesions (p<0.01 for the left side but only p<0.09 for the right side), to hyperglycemia (p<0.05 for the left side and p<0.0001 for the right side), and to arterial hypertension (p<0.001 for the right side but only a trend with p<0.09 for the left side). A Methodological problems may limit the interpretation of blood flow velocity changes in the middle cerebral artery. Technical limitations of TCD studies such as the angle of insonation or an insufficient signalto-noise ratio impairing the documentation of flow velocities are well known and considered in the study design. These problems would affect all absolute flow velocity values in calculating the EPR. Evaluating absolute blood flow velocities of optimally documented pulse curves is independent of investigator-related criteria, provided the Doppler findings were obtained by the same and experienced investigators. Physiological variables include changes of Pco2 with immediate effect on the cross section of the microcirculatory bed and, to a lesser extent, the middle cerebral artery. There is a nonlinear relation between blood flow and flow velocity37; the hypothetical effect of subcortical lacunes or cortical infarcts on blood supply and thus on flow velocities has to be considered.
The delineation of MID from other forms of vascular dementia, such as Binswanger's disease or subcortical arteriosclerotic encephalopathy, leukoaraiosis, or white matter lesions, is still controversial.7"11 Because several territorial cortical infarcts may be included as well in the definition of MID, this would not correspond to the inclusion criteria of a subcortical microangiopathy as first described by Binswanger.37 38 Furthermore, the occurrence of mixed etiologies in approximately 16-20% of dementia is established,163239 corresponding to the presence of some lacunar infarcts in the DAT group. However, the mixed type of dementia can only be diagnosed with sufficient reliability by a neuropathologic examination. A further splitting of the patient collective into a third mixed group was rejected in this study, and these patients were included in the DAT group.
In conclusion, the highly significant discrimination by EPR of the MID group from both an age-corresponding reference collective and the DAT group allows the diagnosis of microangiopathic lesions in the MID patients. Evidently, the single blood flow velocities or pulsatility criteria are not able to establish the etiology of dementia syndromes but represent an easily available additional criterion in the differential diagnosis.
